Fractures of the proximal pole of the scaphoid with associated avascular necrosis and nonunion are well known to be problematic. Many techniques for fixation and reconstruction of the proximal pole of the scaphoid have been reported, often with poor results. One of the newer modalities of treatment for these difficult cases is excision of the proximal pole and replacement with a pyrocarbon implant. The ovoid shape of the implant acts as a spacer and repositions itself throughout the range of motion of the wrist. The procedure can be performed arthroscopically, thus reducing the morbidity and allowing the procedure to be a day case. Satisfactory results have been reported in elderly patients, but there is a paucity of literature regarding the outcomes in younger patients. This multicenter retrospective study evaluates the clinical, radiologic, and functional outcomes in patients under the age of 65 years with a minimum follow up of 5 years. There were 14 patients with scaphoid nonunion advanced collapse (SNAC) grade I, II, or III wrists, with a mean age of 53 years and mean follow up of 8.7 years. There were improvements in all of the patient related variables including VAS pain scores (7.5 to 0.7), extension (45°to 60°), flexion (32°to 53°), and grip strength (15.8 to 34.6 kg). Complications included volar subluxation of the implant, which was acutely surgically corrected (1), volar subluxation of the implant, with persistent pain that required a four-corner fusion (2), and secondary radial styloidectomy (3). This technique is an attractive, minimally invasive alternative for nonunion and avascular necrosis resulting from fractures of the proximal pole of the scaphoid. The authors provide details of the technique, including technical suggestions for performing the procedure.
The treatment of nonunion of proximal pole of the scaphoid, with avascular necrosis, is still challenging. The geometry of the scaphoid, the direction and type of fracture, and the vascular pattern to the scaphoid all influence the decision making and optimum treatment of these fractures. Fractures proximal to the nutrient vessels entering on the dorso-radial surface can result in ischemia of the proximal pole. These fractures are often diagnosed late, frequently resulting in nonunion. The nonunion can occur with or without osteonecrosis. The natural history is poor, with progression to radioscaphoid arthritis and carpal collapse, called scaphoid nonunion advanced collapse (SNAC), also known as the SNAC wrist.
The most commonly advocated procedure for the treatment of the SNAC wrist in the early stages is a vascularized pedicled bone graft.
1-3 When it is no longer possible to reconstruct the scaphoid, a salvage procedure is indicated. Based on the grade of arthritis, different procedures, ranging from a proximal row carpectomy to partial wrist arthrodesis, have been described in literature. [4] [5] [6] [7] [8] [9] When the necrotic proximal pole cannot be reconstructed, however, and if the cartilage of the scaphoid fossa of the radius is still intact, replacing the proximal pole with an implant may be an alternative. Many such implants/prostheses have been reported, but more recently a pyrolytic carbon (pyrocarbon) implant, which replicates and adapts to the carpal kinematics very closely, has demonstrated good clinical outcomes by limiting the progression of carpal collapse. 10 The recent advances in wrist arthroscopy have made it possible to insert this implant with a minimally invasive technique, thus reducing the morbidity of the procedure. 11 Excellent results have been reported in elderly patients using this technique. 12 This study was designed to analyze the clinical, radiological, and functional outcomes in functionally demanding patients less than 65 years of age and with a minimum follow-up of 5 years.
Nonsurgical Treatment of Scaphoid Nonunion
The diagnosis of a scaphoid fracture is based on clinical suspicion, a supporting history, physical examination, and imaging studies. In the acute injury the patient typically presents with low-grade wrist pain after a fall onto an extended wrist. A history of high energy trauma fall should raise the suspicion of a concomitant carpal injury. In an established nonunion with arthritic changes, the patient presents with decreased wrist motion, weakness, inability to perform pushups, and radial-sided wrist pain. Nonoperative management options include the use of a wrist splint, physiotherapy and avoidance of aggravating factors. Adams et al, 13 however, reported that nonoperative treatment is not as effective as surgical intervention and typically is not recommended for managing scaphoid nonunion, even though there are reports indicating that some nonunions remain stable or nondisplaced and free of arthritis even after 10 years. 14, 15 The natural history of scaphoid nonunion has been defined, and there is a correlation between nonunion and osteoarthritis. As a consequence, even in patients who are relatively asymptomatic, surgery is recommended.
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Surgical Treatment Options for Scaphoid Nonunion
Ideally the preferred option would be to fix the proximal pole of the scaphoid. However, if this is not possible, then a reconstructive procedure is required. A simple resection of the proximal pole of the scaphoid could be performed, but there is a concern regarding the stability of the carpus. 
Materials and Methods
The Adaptive Proximal Scaphoid Implant
The Adaptive Proximal Scaphoid Implant (APSI) (BioprofileTornier) is composed of pyrolytic carbon (pyrocarbon), which is inert and biocompatible and has been used in heart valves for decades. 12 It has a low coefficient of friction, and its modulus of elasticity is similar to that of bone. It allows smooth motion and loading with minimal secondary degeneration. The implant is an ovoid shape that allows adaptive mobility during motion. In the frontal plane the smaller radius of curvature corresponds to the scaphoid fossa, and in the transverse plane the larger radius of curvature is directed anteroposteriorly and the smaller radius of curvature lies in the frontal plane. These two axes of the implant confer on it adaptability to the kinematics of the wrist (►Fig. 1). Because of this three-dimentional reorientation during the movements of the wrist, the implant remains stable in the physiological range and does not require any form of fixation or soft tissue reinforcement. There are three commercially available implant sizes: small, medium, and large.
Surgical Technique (Video 1)
The procedure is performed as a day surgery under regional anesthesia and tourniquet control. The arm was placed on a table with a countersupport. Longitudinal traction is applied on the fingers using Chinese finger traps, usually with 4 to 6 kg. The arthroscope is usually placed in the 4-5 portal, but the 6R portal is also used at times, allowing optimal visualization to locate the proximal pole and any associated injuries. The, the 3-4 portal is established under vision, which allows for direct access to the nonunion (►Fig. 2). Thereafter, a radial mid-carpal portal is made to assess the status of the cartilage and for proper placement of the implant. The scapholunate ligament, which is still attached to the proximal pole, is now divided with a number 15 scalpel through the 3-4 portal. Once divided, the proximal pole of the scaphoid is removed with a grasping forceps or a fine hemostat through the 3-4 portal (►Fig. 3a, b). A full-radius small-diameter shaver may also be used to facilitate resection of the proximal pole. The size of the implant is determined by comparing the size of resected proximal pole to trial implants (►Fig. 4). A trial implant is then inserted. If it is not well seated, a larger implant is inserted. It is subsequently removed and replaced with the definitive prosthesis under arthroscopic control. If necessary, in SNAC I and II, a styloidectomy should be performed. A final arthroscopic assessment should be performed of the radiocarpal and midcarpal joints to check the correct position of implant (►Fig. 5). The arthroscope is then removed, and the stability of the implant is assessed under fluoroscopy in all positions of the wrist. The authors leave the small portals open, except the 3-4 portal, which is extended to insert the implant and is closed with a single suture. A semicompressive bulky dressing is applied for a few days.
Postoperative Protocol and Rehabilitation
Mobilization is allowed immediately. The patient performs range of motion (ROM) exercises at home as instructed by the physical therapist. The dressing is changed in the office at 5-7 days after surgery and is usually discarded at this time and the sutures are removed. Progressively increasing ROM exercises are encouraged for 4-6 weeks postoperatively, followed by strengthening exercises.
Pearls
• Judiciously use the 4-5 and 6R portals for assessment and debridement of the wrist.
• Use a number 15 scalpel blade or arthroscopic scissors to cut the scapholunate ligament. Ensure that the ligament is completely released to facilitate the excision of the proximal pole fragment.
• Use a fine hemostat to grasp the fragment prior to removal.
The remaining distal scaphoid needs to be fashioned in such a way to help accommodate the implant Fig. 2 The three usual portals for arthroscopic proximal pole replacement. 
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• Use a trial implant to assess the stability in all directions of motion.
• Styloidectomy should be performed in each case with SNAC I, to avoid secondary procedures.
Pitfalls
• Avoid injury to cutaneous nerves.
• Avoid injury to the extensor tendons when releasing the scapholunate ligament with the scalpel.
• Avoid injury to the volar capsule.
Personal Series
A retrospective study was performed on all patients under 65 years of age who underwent an arthroscopic APSI procedure, which included 15 patients, all operated on by the senior author (CM) between February 1999 and January 2006. One patient was lost to follow-up, leaving a total of 14 patients. All patients in this study were men who presented with avascular necrosis of the scaphoid following nonunion of the proximal pole. The average age was 52.7 AE 9.9 years (range 40-65 years) with an average follow-up of 8.7 AE 1.8 years (range 6-11 years). Of these patients, 43% were manual workers. Of the nonunions, 71% involved the dominant wrist.
A review of the preoperative histories revealed that 7 of the 14 patients were unaware of any injury to the wrist. The other seven had a mean delay from injury to surgery of 21.1 years (range 3-40 years). Two cases (14.3%) were initially treated nonoperatively. Four patients (28.6%) had a failed Matti-Russe procedure. One of these four patients had a silicone prosthesis replacement of the proximal pole of the scaphoid.
The preoperative radiological assessment revealed that all patients had a nonunion of the proximal pole with avascular necrosis. Two patients (14%) had a fracture of the body of the scaphoid, and 12 patients (86%) had a fracture of the proximal pole. Arthritic changes corresponded to Grade I SNAC wrist in four cases (29%); Grade II SNAC wrist in seven cases (50%), and Grade III SNAC wrist in three cases (21%). Among the patients with SNAC II and III, eight cases (57%) had a dorsal intercalated segment instability (DISI) deformity.
The postoperative immobilization for pain control averaged 25.4 AE 10.4 days (range 10 to 45 days). All patients had the option of removing their splint to use their hand and wrist, if they wished. The mean follow-up was 8.7 AE 1.7 years (range, 6 to 11 years). Two patients who initially presented with a fracture of the body of the scaphoid returned later with a subluxation of the implant. Both underwent a four-corner fusion at 6 and 24 months, respectively, for persistent pain.
Of the 12 other patients who retained their implants, there was one patient with an early volar subluxation of the implant identified on the eighth postoperative day, which This video shows all stages of the implementation of the APSI implant to replace the necrotic proximal pole of scaphoid. The views are of the radiocarpal joint, with the scope in the 4-5 portal and the instruments in the 3-4 portal. In the midcarpal joint the scope is in the radial midcarpal portal. With the first arthroscopic pass the radiocarpal joint is assessed and debrided, and the scapholunate interosseous ligament is incised with a scalpel. Following removal of the proximal scaphoid, different implant trials are inserted. In this video, the small blue trial prosthesis is inserted, then the large yellow trial prosthesis, and finally the medium brown trial prosthesis. The definitive prosthesis is inserted and confirmed to be correctly positioned from both the radiocarpal and midcarpal joints. was managed with a radial styloidectomy and repositioning of the implant. Three other patients required a radial styloidectomy at 2-3 years after the initial procedure. Therefore, 36% of patients required a radial styloidectomy.
The Visual Analog Scale (VAS) pain scores (0-10) improved from 7.5 preoperatively to 0.7 postoperatively. The average objective measures improved from preoperative to postoperative, with contralateral in brackets: extension 45°to 60°( 72°); flexion, 32°to 53°(64°); radial deviation, 7°to 18°( 24°); ulnar deviation, 20°to 30°(37°); grip strength, 15.8 to 34.6 (44.1) kg.
On long term radiological follow-up, all patients had a stable implant. Notching of the capitate was evident on plain radiographs in six patients. The DISI was corrected in five cases (42%) (►Fig. 6a-d); but it persisted in one patient (8%).
The functional results of patients were evaluated using the Modified Mayo Wrist Score (MMWS), which averaged 79.6 AE 4 (range 75-85). The results were excellent to good in 66.7% of the cases and average in 33.3% of the cases. The average Disabilities of the Arm, Shoulder, and Hand (DASH) score was 7.6 AE 2.3 (range 2.3 to 15.9).
In the two patients who initially presented with a fracture of the body of the scaphoid associated with a Grade III SNAC wrist and a DISI deformity, the pain persisted and we found a subluxation of the implant in one of the patients. A salvage procedure of four-corner arthrodesis was performed at 6 months in one patient and at 2 years in another. In these patients, the MMWS scores were 25 and 55 respectively, and the DASH scores were 50 and 43.2 respectively, accounting for our poor results and failures.
Discussion
Satisfactory results in the long term with respect to carpal stability, reliability and reproducibility of functional results, and overcoming pain can be achieved by arthroscopy-assisted pyrocarbon implant arthroplasty in the treatment of avascular necrosis of the proximal pole of the scaphoid. The clinical and radiological results are satisfactory, and a radial styloidectomy appears advisable. However, the use of the implant for a nonunion of the body of the scaphoid gave poor results, necessitating a palliative surgery for two such cases in our series.
When union of the scaphoid is no longer possible, some authors propose a simple resection of the proximal pole of the scaphoid. 27 Several implants have also been proposed. Silicone prosthesis for the proximal pole was proposed by Swanson. The long-term results 20, 28 are satisfactory in terms of pain control and function; however, the rate of revision surgery for secondary dislocation of the implant is relatively large, in addition to a high rate of cystic bone changes secondary to a synovitis caused by the silicone implant.
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Furthermore, this implant does not prevent the evolution of osteoarthritis. Silicone replacement, therefore, has been gradually abandoned. Other implants have also been suggested, and they include Vitallium, 21 confirmed these results in a retrospective study of 98 patients aged 22 to 65, who had an implant replacement using the APSI for the proximal pole of the scaphoid, with satisfactory outcomes, with respect to pain relief, return to work, and improved range of movement and strength, with 79 patients being satisfied with the procedure. 
